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SEERAE i Y 58 A TH R AR HER 1) 2 0 R Al
gERL BT . STk [5-7] R HERBR- AR - SRR -
e SR M T iR, R PRI A TR - 3 iR -1 AL =
VW 7%, P E SR 5 A5 5 IRk SO v (ICP-
OES) M e A 4 @ g B S rE . %
TH AR 7 U T A, (EX) b R il v % B il i e L
SRR LU R U AR R T R AN e A, T
FELS AL W E AR R DS AR, F
FHBRER 10 755 3 5 M, X XES ) B 0 A0 A 1R 4 1
VAR, RERRE A MR L Sk [9-10] RATER
R - iF PR - PR - v S R - R I 3 A i, LA SRR -
B -1k AR fb S R AR R B A L A T Ak R s
B 1A IR & KEF R it &, 2 58
IR I IR FE L ANA R K SR n) R, SEEL T ICP-OES
(i) B 3000 S A7 4 S A 40 i v Y R AR A B A R R
SILE . M HATSCERIRGE R F, 3B L g e
PR EM A BT R, D R A UV LA S
+ILE, Mk LTt E 0] T2 6 10 % /i 5t
P Al i o 2R Wk I 1T, FEAE 5 A e TR DX BT L g
IS RS A T B F s s LR
X F A8 B A AR A AR A, SCHR [14-15] SR B0 RR R = i
S5 Rl b FEAE iy, T AR BB AR T A R - B 1R - U SRR
AR, R ICP-MS WISE T 5B AL AR - e % .
TR Js il v S B 1A o 58 A o0 i, Bt A SRR
A IR A R A, B TR AR =5 (1000 C
AL, Joui ey s A R Mot &, B4y ICP-
MS [ZAL 2GR A Az 0 e
5 PR R Vs v 7 el 2 e S i [R]85, RE PR IIE R £
BMER TR T 20, [FB 538 R TR E R 4
PR RGBT N T4 28 U SRR & 19 43
fi 10T e 2 SR R - SRR 16 TR A
PR I FFf A 1<) 5 it U STRE i, TCP-MES (] sl o
PR 6 MoTE, I SCIUNE T 6 FiTE, H
TER I R T R DR IR . A SCHRIFIE R EHES 45
Gt b FFR 1 5500 R RS IR &R 1A B IR AE, (R 2
TS 30% Ze47 1520

RIS AR [ 18-19 ] ByJEah L, X Lk
TR TR TR - R - e R RO U ik (R ).
ERTR-A IR - ZUR IR - = AR - B BR MO T ik (LIRS
TIF R - S TR 5 AT TH e v (AR AR ) I R . T
i - S RU I %55 P T e oy, (P KA A R e A 7
B %, R FHAS R 1 S AL PE A G I 245 S 1EH,
PE SRR AH B0 IR T SO R NV, S T — M
R ICP-OES/MS Il % £ i 5 ity 75 HH 2R 4 fln e 492
— 248 —

B ERSE AR AT 2w LA S 3k 32 RhOT R T 1%, B
FIT 8 Fivbr iy S5 A0 —Fh 52 PR il B I % , BAE 1
BITIER AT

1 LR
1.1 SR TAEZAE

iCAP 7400 Radial MFC % H J8GHE & 45 8 T 1A %
FHETEAL (38 [ ThermoFisher 23 7). 3 a% TAE A
Jhp: BRI T 1150W, 2546 0.5L/min, 4 Bh <
Ji 0.5L/min, 223 50r/min, KA E] Ss, %63
W] 155, FRMICER A4 h: Li 670.776nm,
Rb 780.023nm, Ti 338.376nm, Al 396.152nm.

X-Series T %Y H JEAE A 45 B F A B354 (3€ [
ThermoFisher 23 7] ). X #F TAE 44 Jy: 5 2l %
1200W, ¥V 03 13.0L/min, 45 BYS# 0.7L/min,
FALA L 0.82L /min, P EE 3, 4 B HFE] 10ms,
HFHERECK 40, BUREHEFLAE 1.0mm, 3 HCHE £L 12
0.7mm, #5500 K 2000V, ik ol L 3600V, SR A I
J¥ 180mm. f3 I JC 28 1Y [F] 457 2 43 %1 M« "Li. *Be.
71Ga. *Rb. ¥Y. Pzr. ®Nb, "8sn. 3¢Cs, "'Ba,
139La\ 14OCC\ 141PI\ 146Nd\ 14781’11\ 153Eu\ 157Gd\ lngb\
163Dy\ 165H0\ 166E1‘\ 169T1’l’1\ 172Yb\ 175Lu\ 178Hf\ lnga\
182y 20571, 2%pb, P2Th, 28U, 7E ICP-MS {L £
i, Pl Ba®/Ba 402 A 0UH fof B F 7= RAK T 3%,
=il CeO/Ce AR E ALY P2 FAETF 2%, LAFFAK
SEALY T B SR A B T, X PEu. YGd.
T AT F LR OE, H R T RO R R
—0.0006x""Ba, —0.004x'Ce—0.008x"*'Pr, —1.46x
(161Dy_0.76X163Dy)O

B 6 75 %5 DA T e e 9 RE R 25 AR 30mL A SR I
OISR, HIMRE R B 55 0 e R o B A A I
1.2 AnifEIA oA 32 A

BB RN R VR A A AR - AF T R AR A
W (1000pug/mL, AR 16 G FHAUE R B ); fliEL
TCEFRERB ST (100pg/mL, #% Tolkdb5iib TR 4
WFFERE); S e s RS BR (100pg/mL, 504 (4 JE M
HL TR AR Ry . TCP-MS 52 i 32 5 R
SIRA PR 1 BRI S B A AR BV EL ) TR A
B 1 AT 2 B0l 5 el 2 6 L R R B AR AR A
TR AP HEVS TR 3B e A0 A0S . PRUEV W R D W B
90, 10, 20, 50, 100ng/mL, KA K 5% F K.
INFRIE WM 10ng/mL WIEEIRIK (2% THIRA ). 1CP-
OES MR, 128 24 Bg R ME eI W 2R 50 43 3] A - L
(0. 0.5, 1.0, 2.0. 5.0, 10.0pg/mL); £k (0. 2. 10. 50,


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

%24

S, S R AR - PSR 1 45 B IR R G 6/ i vk I R AE B A e v 32 AP e R

543 4%

100pg/mL); 57 (0. 10, 50, 150, 300ug/mL).

IR . EhIR . SR . =R . Bilg . o E AR
VIR gst . 525 K O L BH 2> 18MQ-em 1Y &
BEFK,

1.3 SERAES

FRUEY) T GBWOT103(46 5 7+, H [ i TRl e
by 1R A 3 b 35k A 2 Bl A BT 5 B F D), GBWO07125
(Ffs i, B 58 b o S 36 3 O A i) ); GBW07152
(BB 7). GBWOTI53(HEH £1). GBWO7154(F 411~
). GBWO7TI55(F 80 9 £7). GBWO7I84(EE " £1).
GBWO7185(F88H 1 A7) 35 4 JF b o o™ 7= 3R ok FH 25 5
AR IR A AR AR
EARSCORFEAE S SRR, [R] s 2% R S o rh R
el A &R i, kR T — RN A
S EAREY BT, FH T 00 07 1k i B Uk e ok
HEWRRE 5%

=R B A A SEPRAE S HWIY -1 8V
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AL AR Al A, SRAE AT RS K R I IX); HWIY-3
(AR S AR fb e, R BT 5 TCrg BH L
W IX)o KRN AR, & 74um i 5 1R S)
Ja g LIRIERK A A SEBREE f, REH T E 5
SR S FH S O
1.4 KTk
1.4.1  VURR R - oK SRE0E (FRIFR © DUFRTE”)

HEBAFREL 0.1000g # i T~ 28 DU 380 & 4 3 3
JA 6émL 52 . 3mL iR, 7F 45 i R L 120°C
AHERFE The A 6mL AR . ImL & &R, ¥
150°C 43+ 1h, FHEZE 240°C, IAZEZ AME L, hn
A SmL F K (50%), 78 H # AR [ 140°C I 4 52 %
15min, #4355 5] 25mL ¥R @5, FHK#
BB 2, $E5) . FEALES TAE S TRk H ICP-OES
B, 43 5.0mL 3R T 25mL ¥R} A
FH 2% THIR 2 754521 J5 ] ICP-MS W7 o
1.4.2 1 R I i - S U R - 1R -1 S Ak AR &

PRI (FTFR FLIRTE)

FREX 0.1000g 4 it T~ 5 VO S0 3 38 v, R A
SmL AR . 2mL FilR (50%). 10mL IEATR Ghi2
SR : msEiR=3 : 2 : 1.5), 7E 260°C HLHAHR b o
S3f# 30min, BCT 35 1, B THE 2 330°C it 25
B2 I E S, BCR o fEIRPURETINA 3 ~ 5 &
iR, 10mL $&HGH (5% 1 A A -5% BilR), 75 HLH AR
1 200°C IM#AFRIL, SRI5 H 1% THIRE R E 25mL %
. ArEL 5.0mL B T 25mL R} L A48

AN ImL AR 5, 2% B8 R 2 25 3% 21 )5 4 i)
ICP-OES I ICP-MS llE .
1.4.3 AR LK% AR I (RIFR % A1)
HERAFRHL 0.1000g IXHE T 30mL 2 VU 56 £ 45 N
FEd, A 2mL RS2 . 6mL SRR, 2% LR IUR 2N
oG, AN, I BAMEE S THRE TR IR
185°C, PRFF 48h, V2H1 5 MU PN B T 445 1 F B Al
I 140°C ZET, A 2mL R R ZE T, IFEE —IK
EER SRR, A SmL F /K (50%) J5 BT 185°C %
A1 T 23 8h, e HIE U 5685 2 25mL WkHE
A, UK 215, #25) . IR TAERMF R
FH ICP-OES H e, 438 5.0mL 3% T 25mL %2k}
teaigh, H 2% fiSfR e 2454521 )5 H 1ICP-MS il %€ o
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AL L RO ARFE o 8 W 3 R S AR 5 BT LA R AR
SAAREAN, W A B & A B A S
WATEIGT Y 2 B, SR S AR )
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W RBERA LSBT ER A, LEFET
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I 22 B Am o 4 o 1 0 e 4 SR LR 1 RN 2 7
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H P 1 AR 2 0] DL, X DU PR T i v, R A
BRI (B 55 br (R R AR A, (R P8 AR B 4R 29 AN +
JCRICHIE B IR H AR AR, X2 K H i
REJIANSR, ANRETE IR FMEAT W)

X R T 1, A A AR I S S
(B IEASAH AT, PB4 55 5 K Al ou R W 45 /R
PREMEARAT, 32 i TR R R - 2R -1 S (L A Ak
RAATIEI, AR 1E T PR 8 A OK A, H &
GBWO7185 H it i % it 5H (8354pg/g) WREIRTHR
U DR, AR Y In) 8 32 B, | AR 25 SR
PR AIG, 3X AT RB SR PR S HLo- i RE 1A B, R RBSE 424
fi B S T L B Ah, AR ME W R
GBWO07125, GBW07152, GBW07154, GBW07155 Fil
GBWO7184 Hilili il 4 S5 10 2 e 45 R 1K,
EEMTFNURRIELE R . — By, e R & T
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£ 50 —— PRI
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0
Li Be Rb Cs Ga Al Ti Nb Ta Zr Hf W Sn Ba Pb Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er TmYb Lu Tl Th U
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1.00
z -
& 0.80 —— PRk
Z W y
@ 0.60 - R
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GBW07125
0
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(© 1.20
1.00
E 0.80 e
E X
= 060 —— MRk
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(d 120
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2 050
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i - Ak
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0 Li Be Rb Cs Al Ti Nb Ta W Sn Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
(&) 120
1.00
2 050 ¥ 7\
iz 060 N
g - Tk
= 040 o
= A
0.20
GBWO07154

Li Be Rb Cs Al Ti Nb Ta W Sn Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Bl EEPIR (2) GBW07103, (b) GBWO07125, (c) GBW07152, (d) GBWO07153, (¢) GBWO07154 =HRiFES: I3 iR )5 17 bish Bt
Iy begs

Fig. 1 Comparison of analytical results of reference materials preteated with three digestion methods: (a) GBWO07103,
(b) GBW07125, (c) GBW07152, (d) GBW07153, (¢) GBWO07154.
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(@ 1.20
1.00
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0.20 ==
GBWO07155
0
Li Be Rb Cs Al Ti Nb Ta W Sn Y La Ce Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
() 1.20
1.00
@ 0.80 A\
& v Y »
£ 0,60 —— PR
=
{L_i, 0.40 == Rk
0.20 =i A
0 GBWO07184
Li Be Rb Cs Al Ti Nb Ta W Sn Y La Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
() 1.20
wo¢4*ﬁvtiT\hﬂf§>§§3§75535<:f*“/si
e 0.80 Vi .
: \ 1 ~ ~
iz
13;1 0.60 = HRk
ﬂ_g 0.40 ==
0.20
GBWO07185

Li Be Rb Cs Al Ti Nb Ta W Sn Y La Ce

Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

E2  HRUEVIR (a) GBWO07155, (b) GBWO07184. (c) GBWO7185 ZRIFESh I 771550 Mt ) b i

Fig.2 Comparison of analytical results of reference materials preteated with three digestion methods: (a) GBWO07155,

(b) GBWO07184, (c) GBWO7185.

N S B A ) TR R TR s R 2
ARSI T R T 2 I s A SR I T R B O
WP IR SR TR AR T AR 2
SIS R, 55 PR | %% PRI R AR DA R bR E(ELAH
L, 80, BT ER A g R AR 22, A ™ R IR
70% LA L, 3% T BE 2 P oA BRI A B B 7 A T
TR R VLT S 20 o 48 0 K A I RE 4 3 38 s
10% ~ 30%, 45 SCHR [24-251 A N8R I TR AR 72 TR
JFERTR, i F22Pb AP Y SR I R, 2 T 0TI
BN, el 000 85 SR A v , AR AR VS R O AR PR
PIBR R ETE VT AR I B T . (R AR
T IR, HAREUA R PSS A BRER, AN Y
SEHDSEE I TS R, BARIRE R A Rk — 20058

5 PR s T T A A ik A B AR R B AR ) AN

145 32 FhOTER I R AT A D, D { AR
SR A A AT G, G045 B B 5 i B AR HE )
GBWO7153(%8 & &~ 301ug/g; #1755 N 573ug/g).
A7 7E M — A B2 X T 48 B0 5 AR i Y s HE
GBWO7185(#8 &l 3635pg/g; HH& 8l 8354ug/g),
FH T A SR O AT A1 PR B3 S SRR >k By 142 . R Y K
ik, ot FH %% P 2k R D R 1k A Vs o AR v D B
EUTTE, MR KA = e . AL DTTE, 3L
BB, 4 B TTRIE S IR, X TFEOTER, —Hh
TH A 7 00 o 5 s AR R AS AR AT, (E T AR TEY)
i GBWO7125, PURYE . LRI (K Fhnife
8, HA % LSS R S PR R AR FLRT, 13X R ERTT
RELA 41 A S MER T W XA

I, AR SCHR IR 2% PR RR V%S - /K %% P B ik itk A T
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A8 B A fb A R S B AR FNRR A 48 L i 55 32 Fhoc
F YR E
2.2 AR R
221 Jrikk R

UL TR - S R 58 DA T v VR D R 2% 12 Ay
SEVRFRAS IR, LA 2 45 1Y 3 AR v O 22 6 1
M) & VR R TR IR . AER 1 ATLUE 1, 32 Fh
JCE MK HIBR A 0.004 ~ 2.50pg/g, AN ST K HFR
8T SCRRFRAE 0 3 8k A s vk el TR 5 R A A
Rl ARG TR 120 A B O A v SRR
fG: PR A — 38 20
2.2.2 KGR AAER

VEFE FE F bR YT GBWO7125 Fll GBW07184
LT RS B BERMERR BE o 3 I FRE 12 (3 A 4%
HER P R 145 1k 2R A7 A% W I %, ICP-OES #11 ICP-
MS AE 32 FhITER, THE R B N UER B, 45
2 TEHR- SRS A Ao T 75 TR % B A TR

1 BHR-FRER T RTA G B
Table 1 Detection limits of nitric acid-hydrofluoric acid closed
digestion method.

TR KR (ng/g) TR KR (ng/g)
Li 0.04 Eu 0.005

Be 0.03 Gd 0.006
Ti 2.50 Tb 0.006

Ga 0.30 Dy 0.005

Rb 0.50 Ho 0.02
Y 0.02 Er 0.005

Zr 0.05 Tm 0.02

Nb 0.02 Yb 0.006

Sn 0.05 Lu 0.006

Cs 0.02 Hf 0.007

Ba 0.20 Ta 0.07

La 0.02 Tl 0.02

Ce 0.05 Pb 0.30

Pr 0.02 w 0.02

Nd 0.01 Th 0.02

Sm 0.004 U 0.01

W 2, 2% 0 F M %2 {8 A9 A XT bR E R 22 (RSD) 7E
1.0% ~ 8.3% 2 [0], REWS I & (b o i ™= S 56 2=

Table 2 Precision and accuracy tests of nitric acid-hydrofluoric acid closed digestion method.

GBWO07125 GBW07184
TE | g VRS pon i | s PRI RSD AR
ANt AN E
(ng/g) (%) (%) (ng/e) (%) (%)
(ng/g) (ng/g)
Li 14.06 14.4%1.1 32 24 1.83" 1.810.07" 1.7 0.4
Be 1.23 13403 4.8 5.4 62.8 59.15.1 1.6 6.3
Ti 3650 3657 1.0 0.2 165 174 6.0 -52
Ga 14.90 13.5£0.7 4.4 10.4 79.1 / 24 /
Rb 159 15548 26 2.6 1.23" 1.13+0.04™ 1.4 8.3
Y 1.77 1.6£0.3 6.4 10.6 2.55 2.36+ 4.8 8.1
Zr 29.6 29.3" 54 1.0 12.6 / 7.1 /
Nb 15.6 14.61.8 2.5 6.8 61.8 56.6+7.5 32 9.2
Sn 3.36 3.540.9 32 —4.0 151 15243 1.6 -0.7
Cs 1.79 1.8+0.2 22 0.6 2925 2830495 1.8 34
Ba 767 (728) 12 5.4 14.7 / 52 /
La 3.59 (3.3) 4.6 8.8 0.89 0.96+0.20 5.6 73
Ce 5.07 ) 4.0 1.4 1.45 (1.52) 2.6 4.6
Pr 0.53 0.48+0.10 52 10.4 0.37 0.38+0.06 72 2.6
Nd 1.62 1.5£0.2 3.6 8.0 1.54 1.4240.15 5.0 8.5
Sm 0.25 (0.24) 34 42 0.43 0.46+0.03 5.6 6.5
Eu 0.17 (0.16) 76 6.3 0.091 0.083+0.08 22 9.6
Gd 0.26 0.22+0.04 6.2 11.2 0.50 0.49+0.06 3.0 2.0
Tb 0.042 (0.04) 72 5.0 0.096 0.0850.009 5.4 12.9
Dy 0.22 0.20+0.05 3.0 10.0 0.44 0.430.06 4.6 23
Ho 0.041 (0.04) 54 2.5 0.089 0.082:£0.005 72 8.5
Er 0.11 0.12+0.01 7.4 -8.3 0.22 0.210.04 5.2 48
Tm 0.021 (0.02) 8.3 5.0 0.032 0.033+0.004 7.0 -3.0
Yb 0.23 0.210.09 4.1 9.5 0.21 0.19+0.03 2.9 10.5
Lu 0.033 0.03+0.01 7.0 10.0 0.036 0.032:£0.004 8.2 12.5
Hf 0.83 (0.8) 22 3.7 2.57 / 4.0 /
Ta 1.28 1.340.5 44 -1.5 117 108+11 1.8 8.3
Tl 123 / 5.8 / 65.1 / 1.4 /
Pb 36.9 34.6 7.1 6.6 8.03 / 6.2 /
W 3.19 32402 2.8 0.3 80.0 79.0+5.6 1.6 1.3
Th 0.71 0.66=0.10 3.0 7.6 3.31 / 24 /
U 0.76 (0.75) 6.3 13 2.87 / 3.8 /

TE: BRI IEAR A B SCHR [27]5 AR EERI AR 1072,
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AL, A AR - B 5 A5 B TR S 6 vk DN AL A i b 32 R TR

543 4%

[t P ) (DZ/T 0130—2006) FEER . bRt
O P 0 2 T YA S5 A oA B AR — K, AR 22 bR %
UG A R ICEANYNT 10%, A 7 B B
FIRRE 25 RIS B

2.3 FBRRESIIIIE 5 75 1 ekt

WG ARSI T HWIY -1 (8 B A 18 B
1) HWIY-2(5 8 A 48 i i) A HWIY-3(5 8%
ZHS AL R ) SRR ST BRI E , Xt
RO KM ITT R UG T R, /395 LR
WO AR R TR IR AL 20 R4
PEAT X, S5 WL 3.

XiF FHRBH A A T R I R, 5 AR AT 2 (8 5
FR s A VL A — 2, LR X T HWIY-3 #
i, HEH BB (24 1000pg/g) AR S, %45 R WITE
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Table 3 Comparison of analytical results of different digestion methods for actual samples.
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Fig.3 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element spider diagrams (b) of three actual

samples.
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Determination of 32 Trace Elements in Granite Pegmatite by Inductively
Coupled Plasma-Optical Emission Spectrometry and Mass Spectrometry
with Closed Acid Dissolution

XIA Chuanbo'?*, CHENG Xuehai'?, JIANG Yun'?, ZHANG Wenjuan'*, CHEN Minggui'*,

ZHAO Wei'™
(1. Shandong Institute of Geological Sciences, Jinan 250013, China;
2. Shandong Provincial Key Laboratory of Metallogenic Geological Process and Resource Utilization, Jinan
250013, China)

HIGHLIGHTS

(1) The granite pegmatite sample was digested by the closed dissolution method with HF and HNO;, achieving
complete decomposition of insoluble minerals.

(2) Aqua regia was used instead of HNO; for residual redissolution, promoting the redissolution of elements such as
Nb, Ta, Zr, Hf and rare earth elements.

(3) Hydrofluoric acid and tartaric acid were avoided in the sample solution, making it more suitable for instrument
analysis such as ICP-OES/MS.
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ABSTRACT: Accurate determination of large ion lithophile elements, high field strength elements and rare earth
elements in granite pegmatite can be used to judge the source of ore-forming fluid materials and the diagenetic
tectonic environment. There are some problems in the sample determination process, such as incomplete
decomposition of insoluble minerals and low recovery of elements like Zr, Hf, Th, U and rare earth elements. This
article compared the decomposition effects of three methods. The results indicate that the two open digestion
methods can lead to lower test results for elements such as Zr, Hf, and W, etc. In the closed digestion method, aqua
regia was used instead of HNO; for residual redissolution, which promotes the redissolution of elements such as Nb,
Ta, Zr, Hf, rare earth elements, etc. ICP-OES and ICP-MS can accurately determine 32 trace elements in granite
pegmatite. The detection limit of the method was between 0.004ng/g and 2.50ug/g, with a precision of 1.0%—8.3%
(RSD, n=12). The method was applied to the determination of 8 types of granite, pegmatite, rare metal ore reference
materials and 3 types of actual samples. The measured values of the reference materials were consistent with the
standard values. The BRIEF REPORT is available for this paper at http://www.ykes.ac.cn/en/article/doi/10.15898/
j-ykes.202307310105.

KEY WORDS: granite pegmatite; rare metal elements; rare earth elements; closed acid dissolution; ICP-OES/MS

BRIEF REPORT

Significance: Granite pegmatite is rich in Li, Be, Rb, Cs, Nb, Ta and other rare metal elements. Accurate
determination of large ion lithophile elements (LILEs), high field strength elements (HFSEs) and rare earth elements
(REEs) can be used to judge the source of ore-forming fluid materials, diagenetic tectonic environment and other
studies!"'"""¥). This article uses the closed digestion method to decompose granite pegmatite samples. The use of
aqua regia instead of nitric acid for residual redissolution promotes the redissolution of elements such as Nb, Ta, Zr,
Hf and REEs through the complexation effect of chloride ions. This solves the problems of incomplete
decomposition of insoluble minerals and low recovery rates of elements such as Zr, Hf, Th, U and REEs. A method
was established for the determination of 32 rare metal elements, REEs, and other elements in granite pegmatites
using inductively coupled plasma-optical emission spectrometry and mass spectrometry (ICP-OES/MS). The
method was applied to the determination of three actual samples and rare metal reference materials, and achieved
good results.

Methods: The decomposition effects of three methods were compared. These methods were open digestion with
HCI, HNO;, HF and HClO4[7], open digestion with HCl, HNO,, HF, HCIO, and H2804[9], and closed digestion with
HNO; and HF, respectively. ICP-OES/MS were used for the determination of 32 elements.

Data and Results: (1) Comparison of three sample decomposition methods (Fig.1). (D For the four acid
digestion method, the measured values of Li, Be, Rb, Cs and Ga were consistent with the standard values, but the
values of Nb, Ta, Zr, Hf, W and REEs, especially heavy REEs, were severely low. (2 For the five acid digestion
method, the measured values of Li, Be, Rb, Cs and Ga were consistent with the standard values. The test results of
easily hydrolysable elements such as Nb, Ta, and W were also consistent with the standard values. The extremely
high content of Ta also provided a good recovery rate. However, the measurement results of Zr and Hf were
generally low; the results of light rare earth elements such as La, Ce, Pr, and Nd in some standard materials were
relatively low; the precision of the determination of Ba and Pb elements was very poor, sometimes severely low; the
measured values of Tl were generally high. 3 For the closed acid dissolution method, 32 elements including Li, Be,
Rb, Cs, Ga, Nb, Ta, Zr, Hf, W and REEs achieved good decomposition and recovery, and the measured values were
consistent with the standard values. For the standard substance GBW07185 with extremely high Nb and Ta content,

a small amount of white precipitate was generated, resulting in lower results for elements such as Nb, Ta and W.

— 255 —


http://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykcs.202307310105
http://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykcs.202307310105

50 1 E=R AR B =.9 2024 4

http: //www. ykes. ac. cn

(2) Technical indicators of analysis method. The detection limit for 32 elements was 0.004—2.5ug/g (Table 1).
The relative standard deviation (RSD) of the measured values was 1.09%—8.3%. The average value of reference
materials determination was consistent with the standard value, and the relative error (RE) of most elements was less
than 10% (Table 2).

(3) Determination of actual samples. This method was applied to the determination of three types of actual
samples and compared with the test results of the five acid method™ and the sodium peroxide alkali melting-
hydrochloric acid acidification method®®. The results (Table 3) indicate that for Nb, Ta, W and Sn elements, the
measured values by the closed method were consistent with those obtained by the alkali melting method.

Based on the test data, chondrite-normalized REE patterns and a primitive mantle-normalized trace element
spider diagram were drawn. As shown in Fig.2, the results conform to the general characteristics of REEs
distribution in granite pegmatites, and the trace element spider diagram is consistent with the geological laws
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